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MUCZLE VELOCITY

Abstract

Calculations were made to determine the conditions necessary in
order to obtain UOMIft/sec in a cal _5C gun. It was found that a
pressure of %7,700 1b/in” and a powder potential of 1,805,000 ft 1b/lb
would be raquired to produce tiis velocity in a l%-inch barrel. Cal-
180 been made for other barrel lengths and a pressure

culations have
of 80,000 1b/in",
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The method of calculation is pregented in detasil.
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I - Ctatement of the Problem

This problem wag presented in a letter from the
Chief of Orcnance (00 W72.54/4709; APG U72.%/288, April 2%,
1937) as follows:

"Assume thuat 1t is desired to obtain a velocity of
Looo f£/s with a 45", Caliber .50 barrel using a 750 grain
prolectile, HMake an estimate of the percentage of nitro-
rlycerine, tne welght of charge, and the case capacity reguired.
State the factors in tiie calculations which are doubtful, and
propose experiments to evaluate them "

JI - Plan of Invegtigation

This report 1s bused upon computations made by a
metrod develoned at Aberdeen Proving Ground. With this metiod,
1t ie necessary to have the pressure-travel curve of the pun
for which the calculations are being made, In the case of
& new gun, a pressure-travel curve obtained experimentally
from a gun having approximately the same cualiber, maximum
pregsure, weight of churge, etc., may a’ter a suitable
traneformation, be assuned to he that of the new gun.
Pressures obtulned from trls curve are corrected for the
effecta of the mntlion off the povder gae, the friction of
the bhullet in the pore, and the friction of the gae in the
bore. After the forces acting upon the bullet (and therefore
the acceleration) have been determined, the velocity 1is
ottained by integration., A detalled account of the method
is given in Appendix C to this revort,

The directive requested that calculations be made for
a Li%-1inech barrel. As & result of trial calculations, it was
found that a bullet travel of LO inches was the longeet which
could be used in thilg barrel without requiring an excessively
trhick chamber, No other condltions teing imposed, a number
of soluticns were posgsible, and ascumptions had to be made
cduring the progress of the work in order to direct the in-
vestigaution ~long what seemed to be the most fruitful
channele.

Conditlionsg were first assumed which, it wag exrected,
would secure the desired muzzle velocity with the lowest
pneaible powder potentlials. DBoth high potentials and high
pressures were found necessary., By assuming a powder
potential of 1,405,000 ft 1b/1* 1t was found that with a
HO=2neh travel a pressure in excess of 87,700 1b in® would
be required to nroduce <000 ft/eec. (The numerical results
are given 1n dotall in Appendéix .y



-

Ag thie maximum pressure was much in excess of that
now produced in Cal. .50 guns (about Ho,000 lb/ine) it was
decided to calculate the effects of longer bullet travel
and slightly lower pressure. Ag the powder potentials
reacuired were very hligh, it waes also decided to determine
the combinations of bore length, muzzle expansion ratio,*
and web thickness which would require the lowest potentials.

The conditlions asgumed for this survey were: Maxlmum
pressure, 50,000 1b/in¢, bullet travels Lkl inches, 48 inches,
und 52 inches; muzzle expansion ratios &, 10, and 14; web
tiiickness, such that thie graln was completely consumed after
20, 16, and 12 inches of bullet travel.

vue to the method of calculatlon employed, 1t was easlier
to explore the field 1n thls manner than to assume a potential
and compute the dimensions of the gun and powder gralin re-
quired to produce L0000 rt/sec,

As & finel step, the gurgees determined by thies method
were checked by nogpla's Diugrams. Favorable agreement was
gecured, consldering that two vastly different methods of
celoulation were uged.

ITI - Priacinal Numericsal Data

Under the assurntions mude in the previous section,
the conditions uncer whlch the required muzzle veloelty could
e obtuined using an savailable powder potential were deter-
rined., hBvy'avallable potential® is meant a notential that can
e secured by a nitrocellulose-nitroglycerine mixture such
ag tre present double base powders, From calculations made
at Aberdeen Proving Ground, the notential of powders having
different percenvages of nitroglycerine was obtalned as
follows:

Percent Hitroglycerine Potential (ft 1b/1Db)
in vouble vase Powder
20 ; 1,400,000
Lo 1,080,000
60 1,800,000

®* The expansion ratio (n) for any voint is defined as the ratio of the
sum nf the volume swept out by the buse of the bullet up to that peint
and the original free volume, to the original free volume. he muzzle
expansion ratioc (Te) is the value when the base of the preojectile is
leaving the gun.



These values are plotted in Figure 1. Based upon
thiese three pointe, an extrapolation waeg nerformed which
indicated that the potential reaches approximately a
maximum value of 1,805,000 ft 1h/1b in the neighborhood of
65% nitroglveerine, This value was accepted as the maximum
available potential for this type of propellant.

It 418 tc be noted that thege values of powder potentiale
are roughly 250,000 ft 1b/1b lower than the values given by
Crow and Grimshaw* for compsrable powders., Acceording to
their work, the maximum available potential would be about
2,050,000 ft 1b/1ib,

The method used in this investlsyation 1s a comparison
method. That 1s, the calculations are entlrely dependent
upon experinental firing and so it 1s important to know the
conditions of that flring, as thev shnow how much the calcu-
lated pun differs from the experimental gun.

The comparison firing for the present work was performed
with the following values:

Powder Hercules 1770.5

Potential 1,357,000 ft 1b/1b

Charge 2&0 grains

Web 0213 13

Initisal free volume - .398 in

Maximum Pregsure -
Plezo-electric 6L, 000 lb/lng
Copper 50,000 1b/in

Using « bullet travel of 4O inches, a muzzle expansion
ratin of 10, and agsumling that the web burned through when
the dbullet had travelled 16 inches, the following potentials
rere reguired to obtaln 4000 ft/sec at the pressures indicated,
(cee also Tuble I):

Maximum Pressure Potential

I 2 NP

25,000 1b/4in 1,960,000 ft 1b/1b
90,000 1,740,000

95,000 1,630,000

* '0n the Yquation of State of Propellant Grses', A.D. Crow and W.E.
Grimehaw, Thil. Trans. Roy. Soc., London, Ser. A, Vol. 230, 1931,



By interpolating _ 1t was determined that a maxlmun
preesure of %7700 1bt/in“would be reguired in order to use a
powder having & potential of 1,80%,000 ft 1b/1b,

As would be expected, when only 80,000 lb/in2 is employed,
higher potentlals and/or longer barrels are required in order
to secure the same muzzle veloclty, Under the assunnptions
tiat the web burned throug: after 20 inches bullet truvel
and that the maximum pressure was 0,000 1b/inc the potentials
required to produce 4000 ft/sec were:

Muzzle Lxpansion Bullet Travel
ratio (m.)
e
Lipw usu 52"
8 1,850,000 1,810,000 1,725,000
10 1,955,000 1,915,000 1,700,000
14 3,220,000 2,360,000 2,070,000

Complete flpures concerning these charges are glven in
Tahle II, and a plot of the potential surface 1s shown in
Fleure &,

When the web was assumed to burn through at 16 1ncges
bullet travel, using a maximum Ereﬂsure of 80,000 1b/inc the
notentials required to produce 4000 ft/sec were:

Muzzle Expanslon Bullet Travel
ratio (n_)
e liltw Lgn 5o
& 2,200,000 1,880,000 1,805,000
10 2,020,000 1,520,000 1,520,000
14 2,890,000 2,400,000 1,995,000

The figures concerning these charges are given 1n
Tarle III, and the potential surface 1g plotted in Figure 3,

When 1t was assumed that the web burned through after 12
inches of bullet travel, still higher potentlals were required,
and no investigation was made of powders having thinner webs,
{See Filgure 4 and Table IV),



IV - Dlecussion

A potential of 1,805,000 ft 1b/1b has been adopted as
the maximum which may be obtained in double base powders.
Thies value was deternmined by extrapolatinn from the known
nnotentials of three powders having different nitroglycerine
contents, The extrapolated figure, while 1t 1ls as accurate
af the data pernit, 1s probably not exact. Conslderable
doubt exlists as to wnether the potential attains a true
maximum, It seemns more likely that thie potential will con-
tinue to increase slightly up to 100% ritroglycerine. Further,
the accepted value cannot be considered exact because of the
effects of different amounts of stabllizer, volatiles, etc,

Viewed in this light, 1,805,000 £t 1b/1b must be con-
sidered as approximuately the maxinum avallable potential,
This value should be sufficlently ac~urate, as the use of
high nitroglycerine content le attended with many practical
difficulties, and 1t 1s unlikely that such a powder will
actually be usged.

rven with: such & high powder potential, an extremely
high pressure 1s requilred. This 1s due to the high accelera-
tion required in order that the bullet shall attain a veloclity
of 1M0O00 ft/sec at the muzzle, and to the large gas drag
caused by the Dhigh velocity., If the length of the barrel
igs increased, lese acceleration and & lowgr pressure will
be recessary. A pressure of 87,700 1b/in“ 1is required for
a bullet travel of BO inches, vhile if the pressure 1s not
permitted to exceed 80,000 1b/in“, a bullet travel of about
“ incheg becomes necessary. As the present maximum pressure
for Cal. .50 ammunition 1s about 56,000 1b/in?, it is apparent
that LOOO ft/sec cannot be obtained in a weapon having even
aporoximately the same dimensions as the present Y“R-inch
Caul. .H0 barrel.

IR
V

“hile 1t is true that a longer harrel will nermit use
nof lower pregsure and lover potential, thie barrel cannot be
lengthened infinitely. The gas drag increases wilth the
length of the gun, and, due to the form of the gasg drag
func-tion, & length i¢ eroon reached which 1t is not nracticuable
to exceed., While 11ttle numerical work has been done on this
subject, the optimum bore length seems to be about 60 inches
for the 750 ¢rain, Sal. .50 bullet with a L4000 ft/sec muzzle
velnclity.



The maxinmum nressure necessary to secure a given amount
of work may be varled by using various muzzle expaneion
rutios and vowder eralns of varinus web thicknesses; thus
verying the form of the pressure-travel curve., In Figure U4
each point on the curves represents a pressure-travel curve,
These nave each produced the same amount of useful work,

The effect of varying the form of the pressure curve 1s seen
by the various powder potentials required for any constant
bullet travel and constant maximum pressure,

The method used for these calculations does not (as may
be seen by exaninstion of Appendix C) take into consideration
the increase of energy delivered to the prolectile by reason
of the enlargement of the chamber over the bore. One cal-
culation was nade to determine the magnitude of thlis effect,
and 1t was found to increase the muzzle velocity by about
3% (4in this case),

In uring thls method of calculation, as with other com-
nparison methods, 1t is essential to accuracy that only small
changes be involved., In the present case, tlie new gun differs
greatly from the one which gave the pressure-travel curve,
Greater accuracy can be obtained from the csalculations if a
pressure record 1s nade under conditions more like those 1in
the Y000 ft/sec gun,

It 1s found poesible to make and desirable to use a
powder with a potential of 1,805,000 £t 1b/1h (6h% NG), then
Looo ft/sec may be obtained if D20 grailns of this powder, .
.J¢31 inch web, are burned in a cuartridge case of 2.l36 inj
capacity and the bullet travels 48 inches in the gun. A
plezo-electric pressure glightly over 80,000 1b/in< should
te expected. As powders having 60% NG have been made which
have a potential of 1,500,000 ft 1b/1b 1t should not be
imposeible to nroduce a powder of 1,805,000 ft 1b/1b notential.
Shonuld 1t he found impracticsable to use & pressure of
20,000 1b/in in the preliminary experiments, an equal
welrht of powder.of lower potential could he used and would
cause reduced pressures as follows:

Maxinum Pressure Potential %NG (Approx)
20,000 1,80%,000 65
75,900 1,714,000 LL
707,000 1,622,000 36
b, 000 1,529,000 29



The muzzle veloclity obtained when using these lower
potentials will, of course, be less than L0O0OO ft/scc.

f
V - Hegume

1. It is egtimated that a veloclty of W00 ft/sec
may be imparted to a 750 grain, Cal. .50 bullet in a LB-inch
barrel 1f a powder potentizl of 1,505,000 £t 1b/1b and a
maximum pressure of 87,700 1b/in“ are ueed,

2. If a muximum oresesure of only 20,000 lb/ing 1s
permitted, it is expected that a barrel at least 50 inches
long will be required, using tne same powder, 1n order to
obtaln “0@ ft/sec,

(/,7 O R '.“(;‘4 Ll Lenr st
a

C. BE. Balleisen
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APPINLIX B

TABULATED DATA

Note to tlie Tabhles

In order to avold repetition and to simplify the
heudinges in the tavles, the units used and general notes

are iven hiere,

Ne
My

Charge
Webh
Potential

Cage volume

Case length

Case diameter

io)
max
Bullet travel

Tase lengctll b

The free rpace expansion ratio at the

ruzzle,
The free space expangion ratio at the

basge of the bullet when the waeb burns thru,
Weliphit, in graling,
Thickness, in inches (single perforated grain).
Potential of the propellant in ft 1b/1b

times 10—3a

Orlginal free volume plus volume of charge,
in cubliec inches.

For travels other than 40 inches the diameter
of the case was talen the same as the
present cal, .50 case, namely .53 inches,
and the lengtn was computed, in inches.

In the case of L0 inches travel, the case

wae assumed to occupy the remainder of
the l5-inch harrel, and the reaquisite
diameter was calceulated, in inches.

Jdaximum plezo-electric pressure 1b/in€.

TABLE I

incnes

Lrehies

luzzle exvunslon ratio (ne) = 10

e} vy er
Wely burns toru

R - \ [
vivon 6 = lo inches {nv=“°oO)

Poay £5,000% 90,000 95,000
Crarge 290 360 koo
eb " L3200 L0213 0225
Potential (multiply by 103) L, 500 1,780 1,680
Case vnliunme 1. 521}’ 1.798 1.949
Cuse diameter e .08 70

* Zsutine calculstions made by the method of Appendix € gave 4010 ft/sec,

1 .,
fren recililatad

i, using the loading given in this table, snd correcting

Tor lhe effect due to the increasad dismeter of the chamber, a velocity

af 4120 fifsec was obtained,

This 1s an increase of approximatsely 3%,



TABLE II
“eb burnas thru when g = 20 incles

£
¥, -~ s .
P = 50,000 1b/in
il

suliet travel Lym

(a) u(/7e exanslion ratio

\né’ =

Tiy *e19
Charge 390
eb L0208
Potential xultigly 1,350

by
Case volune oL 2ohg
Case lens th 7.21

(b) Fuzzle exnunsion ratio
(T\ ‘ = l{\/
e

Ty 5,08
Charge 320
Web 0021

Potential (muLthly
-

Case volume 1.788
Cage lenyth .70

Huzzle oxfannion ratio
) = 14
(IF:/

e~
Q
—

p
n, ©.91
Charype 160
veb L0212
Potential imultiply
3%
by lU)) <e0
Case volume 1,084
Cage length Beng

-16-

"'-LS"

5.71
Loo
L0231
1,810

2.436
7.82

.75
360
0235
1,915
l < 9‘78

0.3k

5o

3,69

L5o
0028
1,725
2.606
8. 4h

b Lg

4io
.0230
1,700

2.193
7.02



“eb burns thru when g = 1t inches

9]
p = 40,000 1h/in“
nax
Eullet travel Il w Lign 5o
{a) tiuzzle expanegion ratio

(ng) = &

Ty 355 3.33 4. 10
Charye 320 350 370
Web 0201 L0157 0157
Potential (multiply '

by 103) 2,200 1,85%0 1,540
Sase volunme <.070 2.200 2. a5
Case length ¢ ol 7.5 7.78

(b) Muzzle expanglon ratio

e

n, L2 hoo 377
Charge 250 320 L0
Web 0198 0197 .0169
Potential (multiply

by 10°) 2,020 1,820 1,20
Jase volume 1,588 1.878 2,017
Cace lenssth boHL 6,0k 6 U7

(c) Muzzle egphnsion ratio

(ng) = 14 |
Ny 5.72 5.53 5 .00
Charge 160 200 PH0
helb 0190 L0191 L0192
Potential (multiply ,
Case volume 1,08k 1. 240 1.L32
Case length 3 48 4,00 boh9



TABLE IV
ifuzzle txpanslon Ratio (n,) = 1k

“eb burnes thru when 8 = 12 inclies

. 2
? = 80,00
Py = 80,000 1b/in
Bullet travel Lipw Lign
Tiy k.55 .25
Charge 90 130
ieb L0163 .O16h
Potentlsal (multiply3 L, k70 3,220
ty 107)
Cese volume . 909 1.071
cage length 2.92 3 4h

-1&~



APPENLIX C

400 QF CAL uULJ\T;.ON

This method is based u»non use of a renresentative
pregsure~travel curve, If, us in the case where a new gun

1¢ being developed, no prescure recordsg are available, 1t is
coreibie to utilize a record obtalned hy firing another gun.
it le necegsary trat the new gun and the comparlson gun turn

the esume tvpe of powder and have annroximately the same
~aliner, Anitial Free volume, weli'hit of charge and welght of
nrotectile, If t.ese almens {nne are kriown for hoth the new

and the comvurlesn fun, and & presaure record is available

for the comparisca gun, then tle oreagsure in the new pun may

be cglculated by nmeane of hoppla's unation,* W¥hen desiining
a new gun, however 11t is more likely that tie maximum pregsure
will e specifled and 1t will be ne cpvsnwy te calcu . ate the
dimensgiong of tne gun and the pewder graln, In this cas
Hopglu's Tntlon alone 1e ot sufTlclent to determine &1
the varli:bleg, and muct be cupnlemented by acddltional metiade,

In this care, Lovever, Lhogula's nguation nakes norcible
the transformation of the oywe"‘"ontdl pregeure-3truavel curve
Inte the pressure curve of the nev gun.

The onressure when the prolectile reuaches any polnt in
re vore 18 & functlon of the expansion ratlo at that volnt,
r, expressed in svmbols, P = f\n)c 4ut, Hogrla‘s Lguation
8 infependent of the exn{‘n slon ratioc and

P = fir)
:~——-$%; = 4 constant;

wizere P oand P1 are the prescureeg develoaped by twn sets of
nditions. Thus it is geen thint the experimertal’ly deter-

mxhﬁd pregsure~1lravel curve nay be traneformed into

nregrure~travel curve Tor the new gun bv sinmple nroportion,

t'vt:

Thls proportinonality le stovn by Flgyre 5.  The curve

) e/ -’ 2

baving @& maxinun pressure of L 0200 15/in€ was ob-ained
* Yor a complete discussion of “ogglia'a Lguation and its properiias sae

"Weus Diagrarme fur iie Angewandte [nrere Bpllistik - Filsen. 1:47.
von Bdrmnd Roggla', or A.F.%. Tuilidtic Laboratory Revort No. i,
"Togglats Zouation and 1ts “pplication to Interior Ballistic Prorlens.
by R, H. Xernt.



from a piezo-ciectric pafe record,. The other curve -as

Es

derived fror Lt,

maximum precswree of 80

Yiie pressu

the web burns th
ia
a8
t
&
relation isg uaed

and 1e¢ the curve uesed in this work =~hen a
30,000 15/4n% was assumed.

re function holds onlv up to the peint wiere

s

ru., After the wed ls burned (or the powder

C“mo.vtoly corsunec, as single verforated prulns are
sumed ) 1t ig necepsury Lo ascure the Law of exun

anslion of

he gas ans to compute the pressures existing at varlous
tapes of the expansilon,. FPor this rurpose the following

J
<%
w2

<
<
[N

where P and V are regpectively the ruge pressure and the

volume behind the hullel at thne iInstant the web ias conswred,

and P, oand V., are trelr values at any subsequent lnstant. v
1 i '

is the ratio of
for powder guars.,

The presour
paraeranhs le as
grugre It is neo
presrvrn acceler:

where

Lhe sppcific heats of the gae, taren as 1.2

e=ftrevel curve referred to in the preceding
sumed to oe EHP readine of the plezo-electiric
c"varv to reduce these page velues tc tre

ting the rnllvts Thile 18 dnne by the relatlcon

G

(rir) = (5 o+ [0 as)

3
il

—
-
t\
~—

v
T
1

Presgure accelerating the projtectile (1b/in )
i Ll
P = Pressure snown byv gage (1b/in“)

= Correctlion factor for motion of tirie vowder
a8 (see below)

r = Gorrectinn factor for location of the
nrescure gase (see below)

o= Bull friction - Agsumed in.,thls case
as equivalent to 4800 1b/in®

/ L dg = Gue drag (see below)

5 = Trevel of the hullet

[



ine correction factor for the notion of the powder gas,
reets the oressure atl the breech face to that existing

, C¢
&1 e buse of th- projectile ¥ It is represented by
. 1 :
R o= —=— (3)
1+ 5
2

where © = ratio 2T welrht of charge to weight of projlectile,

The correction factor for the locstion of the pressure
Fage, r, i1s necessary in order to correct the pressure at

tte gage to the pregsure exlasting at the breech face. It
ig nbtalned fronm

)\ * 5%
AK .
ro= 1 4+ 3F L
) 5 (L)
whiere
2
i = Area of bore at the prolectile (in").

1

N veight of the vrolectile (srains).

o= Svud (5)
ave

C = Lelght of the cnarge (grains).

v = Volume of cage Detween page and breech (inz)h

» = UListance from breech to gage {(in).

a = Llameter of case at gage (in),

V = Volume belilnd projectile (1n3)°

ror purnnses of thege calculationag the cartridge care is
assumed o be ¢vlindrical and Egs. (L) and (%) reduce to
2,2
~
D -
r =1+ ¥—~% (o)
MV©

* A.P.5. Ballistic Laboratory Zeport No, 3F - *0On the Mction of the
Towder Gas." -~ by E. H. ¥Xent.

*® 4.%.G. Ballistic Laboratory Terort Wo. 3 - "Analysis of Pressure-Time
Curves for tha Gerlich Rifle’ - Addendum "Darivation of the Travel-Time
Curve for Gerlicn Rifle from the observed Prassure-Time Curves" Ly

N. F. Ramsey, Jr.




Multiplying the gage pressure, P, bv r corrects the
aage pressure to the preseure existing at the breech face,
an® gubsgeguent multiplication by R corrects thils value to
the pregcure which would act at the base of the projlectile
were 1t not tor the gus drag.

The pressure Prih is opposed by the friction of the
bullet in the bore, B, and the gas drayg, _/b de. The

nressure actually accelerating the prolectile, then, 1a:

P, = PrR - (4 + /D ds), which

will be recognized as Eg. (2). The relations described
ahove are expressed graphiically in Figure o,

The bullet friction, B, was determined by analvels
baged upon recent firings at varioue velocltles, conduc ted
expresely for the determinatinn of this constant.®

For the caliber .50 bullet, ¥ hae the value UEOO lb/inen

>
Tne Gag oOrag, J/b ds, ie calculated by means of:

[ .
/D ds = KpV{(s&+() (7)
where
D = the gpeclfic reslstance of each element of the
gag column to movement along the bore. D o
1¢ in such units that the integral is in 1b/in".
s = the travel of the projlectile (in).
K = a constant, in this case taken as .0033,
(Thls constunt was determined in conjunction
»ith 3 above).
p = The churge denelty at any inastant (lbs. of powder
divided by total cubilc inches Dbetween pro-
Jeetile and breech).

V = the veloncity of the projectile at the point s (ft/sec),

an equivalent length of bore having the same eurface
as the interior of the cartridge case {in).

r
L]

* For & discussion of the analysis, see A.P.G. Ballistic Laboratory Faport
No. % "Analysis of Pressure-PFime Curves for the Gerlich Rifle® by J. R. Lane.




sefore werrorming any numericrl work, 1t 1e necessary
to declde unon tne length of bullet travel, the nuzzle
expanglion ratio and tie polnt wiere the wedb of the powder
ia tn burn through,

Hauvine the above elemente, the tvplcal prescsure-travel
curve, and an esticated welght of charge, the above equations
(2) to (7) en:ble tno calculatisn of the accelrrating prescure,

P_, for several points along the travel, and the plottire of

a P_ ve s curve, The muzzle veioeclity 1s d-termined fTronm
(=1
5 .S
& Ag ;
ye = 28 ‘/P‘ ds (2)
Lo
where
V = velocity of prolectile (ft/sec).
EJ
A = area of bore (in"),

= weight of prolectile (1bh).

!

£ = acceleration due to yravity (ft/sec®
g8 = travel of the projectile (ft).

The quantity /p ds 1es determined by mechanical intearation
of the curve, ™

If the culculated muzzle velocity agrees with that
assured, 1t is 8till necesgsary %r comnpare the velocities at
various polnts along the bore with those ueed in comnuting
the gas drag, If necessary, the gas drag 1s recomputed and
a new P& vs 8 curve drgwn and integrated, 1f the calculated

muzzle velocitly does not agree with tiat assumed, it is
necesgary to asgsure a new weizrht of chaurge and to recalculate
tirely,

After the proper charge is thus determined, the ratio
of gage vpressure %o veioclty at each pelnt is nlotted
against bullet travel and integrated,

The area benegath this curve deternines the web thicknegs
recuired (single verforated grains helny assumed). The web
hickneae hurned thru when the bullet hae reaxched any point
e 1« given by

-~ %=



5

. I
r = ,GO01KE /V ds* (9)
A,
where
r = we% thickneege burned (in).

2.
)

o
!

= P, rage pregsure (1b/in
V = velority (ft/sec).
& = bullet travel (ft).

"Tien the wed burne thri, r benoneg half the web thickness
ceguired In the grain,

Tn determine the powder sotential that sautisfleg the
srditions imposed by the recsults of these calculations,

Coglst e Fouation fe weltten in the form:
el ¢ 3 OmEr Vv 2
Jﬂlvl J - {,if £~E;} lﬁl {El} (10)
(e iy P v, Giilq '

* Thig equation, which is due to Mr. Lane, is derived from the familiar
rabe~of~burning equation as follows (Terms containing the constant have
been neglected):

ar _ yp 4 ¢

at

dr dx 4 vp 4 ¢

ax  dt

dr = & — dy + 2 dx

I‘z“ilx+c /"d‘]:’ 4
;¥ - v



.

"

where
P = pgas prescure.
C = welght of churge.

w = web thickness.,

v _ = initial free volume.
G! = corrected weiyht of the projlectile

(6' = u(1 +.014 + %r'-\i) where L 1s the weight
of charge and i the welght of the prolectile)

cross sectional area of the bore,

£
i

t

r exnonent in the rate-of-hHurning equation,
e = gpecific cnergy of the powder.

Tre terms with subscripts indicate the new conditions, thiose

without,the compariscn conditions,

This eguation Lz tn be solved for €y The value of Cl

()

used 1a that vhilch satisfiles Eq (8), and of w, that deter-
mined by Fq (9).
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